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(54) Digital television signal receiving tuner system 



(57) A digital television signal receiving tuner sys- 
tem is formed of a tuner ( 1 ) and an intermediate frequen- 
cy circuit (2). The tuner has a first mixer (6) that converts 
a television signal into a first intermediate frequency sig- 
nal, which is a television intermediate frequency signal. 
The intermediate frequency circuit has a second mixer 
(23) that converts the first intermediate frequency signal 
into a second intermediate frequency signal. The inter- 
mediate frequency circuit is provided with an adjacent- 



band attenuation device {21 ) at a stage before the sec- 
ond mixer. The adjacent-band attenuation device atten- 
uates the band levels of channels located adjacent to 
the first intermediate frequency signal by 60 dB or great- 
er relative to the band level of the first intermediate fre- 
quency signal. As a consequence, upon receiving digital 
television signals, interference from analog television 
signals is eliminated, and the generation of distortion is 
suppressed even in a wide gain control range. 
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Description 

[0001] The present invention relates toa tuner system 
that receives digital television signals transmitted via 
ground waves. 

[0002] In digital television broadcasting^ satellite 
broadcasting and cable television (CATV) broadcasting 
have already been put into practical use^ and ground 
broadcasting is also being planned for practical use. 
Digital television broadcasting nnethods vary among 
countries and regions, and the Orthogonal Frequency 
Division Multiplex (OFDM) method is employed in Eu- 
rope and Japan, in the OFDM method, a lew thousands 
of carrier waves are provided for the broadcasting band 
of each channel of a conventionally used ground televi- 
sion system and are modulated with, for example, a 
baseband signal according to the Quadriphase Phase 
Shi(t Keying (QPSK) method and then transmitted. 
[0003] In the OFDM digital television system, broad- 
casting frequency bands allocated to conventionally 
used analog television broadcasting are used, and thus, 
channels in which digital television signals are transmit- 
ted are located adjacent to channels in which analog tel- 
evision signals are transmitted. 

[0004] Accordingly, analog television signals may be 
mixed with digital television signals. In this state, digital 
television signals may interfere with an analog television 
receiver. To avoid this situation, in compliance with the 
broadcasting standards, the level of digital television 
signals is reduced by an amount in the range of 20 dB 
to 35 dB relative to that of analog television signals be- 
fore they are transmitted. A receiver of digital television 
signals that sufficiently receives signals of levels from 
-96 dBm to -20 dBm at its receiving input terminal with- 
out any trouble is also demanded. The signal level re- 
ceivable by a digital television signal receiver is thus re- 
quired to have a dynamic range as wide as 76 dB. 
[0005] As discussed above, digital television signals 
may be transmitted with analog television signals, for 
example, channels in which digital television signals are 
transmitted are located adjacent to those in which ana- 
log television signals are transmitted. In this case, ana- 
log television signals may disadvantageously interfere 
with a digital television signal receiver. 
[0006] In response to a wide dynamic range of digital 
television signals, such as 76 dB. a digital television sig- 
nal receiver is required to have a wide gain control range 
and also to suppress distortion caused by gain control. 
[0007] Accordingly, it is an object of the present inven- 
tion to eliminate interference of analog television signals 
upon receiving a digital television signal and to suppress 
the generation of distortion even in a wide gain control 
range. 

[0008] In order to achieve the above object, according 

to the present invention, there is provided a digital tele- 
vision signal receiving tuner system including a first mix- 
er for converting a television signal to a first intermediate 
frequency signal. Adjacent-band attenuation means, 



which is disposed at a stage after the first mixer atten- 
uates a signal of a channel located adjacent to a fre- 
quency band of the first intermediate frequency signal 
by 60 dB or greater relative to the first intermediate f re- 

s quency signal. A second mixer, which is disposed at a 
position after the adjacent-band attenuation means, 
converts the first intermediate frequency signal into a 
second intermediate frequency signal having a frequen- 
cy lower than the frequency of the first intermediate f re- 

10 quency signal. 

[0009] In the aforementioned digital television signal 
receiving tuner system, the adjacent-band attenuation 
means may include a SAW lilter for attenuating the sig- 
nal of the adjacent channel, and a compensation ampli- 

is tier disposed at a stage after the surface acoustic wave 
filter and compensates for insertion losses caused by 
the surface acoustic wave filter. 

[001 0] The aforementioned digital television signal re- 
ceiving tuner system may further include a first variable- 
20 gain amplifier disposed at a stage before the first mixer 
and a variable attenuator disposed at a stage after the 
compensation amplifier 

[0011] In the aforementioned digital television signal 
receiving tuner system, a second variable-gain amplifier 
25 may be provided in place of the compensation amplifier 
and the variable attenuator 

[0012] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

00 

Fig. 1 is a block diagram illustrating a digital televi- 
sion signal receiving tuner system according to the 
present invention: 

Fig. 2 is a characteristic diagram illustrating adja- 
35 cent-channel attenuation means for use in a digital 
television signal receiving tuner system according 

to the present invention: 

Fig. 3 is a circuit diagram illustrating adjacent-chan- 
nel attenuation means for use in a digital television 
40 signal receiving tuner system according to the 
present invention: and 

Fig. 4 illustrates a modification made to the adja- 
cent-channel attenuation means (or use in a digital 
television signal receiving tuner system according 
45 to the present invention. 

[0013] A digital television signal receiving tuner sys- 
tem of the present invention is now described with ref- 
erence to Fig. 1 . 
50 [0014] In the following description, digital television 
signals and analog television signals are simply referred 
to as "television signals" unless they are required to be 
distinguished. 

[0015] A digital television signal receiving tuner sys- 
55 tem of the present invention is formed of a tuner 1 and 
an intermediate frequency circuit 2. The tuner 1, as well 
as a tuner for receiving analog television signals, has 
an input tuning circuit 3, a high frequency amplifier 4, an 
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interstage tuning circuit 5. a first mixer 6, a first local 
oscillator 7. an intermediate frequency tuning circuit 8, 
and an intermediate frequency amplifier 9. The high fre- 
quency amplifier 4 is formed of a first variable-gain am- 
plifier in which the gain is controlled in accordance with 5 
a control voltage from an automatic gain voltage gener- 
ating circuit (not shown). 

[0016] For convenience^ the input tuning circuit 3, the 
high frequency amplifier 4. the interstage tuning circuit 
5. and the first mixer 6 are indicated by one system. In io 
practice, however, two systems used for VHF television 
signals and UHF television signals are provided for the 
tuner. 

[001 7] A television signal is input into a tuner input ter- 
minal la. and a desired channel of the television signal '5 
is selected and amplified in the input tuning circuit 3. the 
high frequency amplifier 4. and the interstage tuning cir- 
cuit 5. The amplified television signal is then input into 
the first mixer 6 in which it is mixed with a local oscillation 
signal output from the first local oscillator 7 and is con- 20 
verted into a first intermediate frequency signal (approx- 
imately 36 MHz in the Europe television system). The 
first intermediate frequency signal passes through the 
intermediate frequency tuning circuit 8 and the interme- 
diate frequency amplifier 9 and is output from a tuner 25 
output terminal lb. 

[0018] Not only digital television signals, but also an- 
alog television signals are input into the tuner input ter- 
minal la. Accordingly, only a desired digital television 
signal is selected by the input tuning circuit 3 and the ^0 
interstage tuning circuit 5 and is converted into a first 
intermediate frequency signal by being mixed with a lo- 
cal oscillation signal. Thus, the oscillation frequency of 
the local oscillator 7 is controlled by a PLL circuit 1 1 pro- 
vided with a reference oscillator 10. The PLL circuit 11 55 
is provided with a tuning voltage generating circuit (not 
shown) for controlling the tuning frequency of the input 
tuning circuit 3 and the interstage tuning circuit 5. 
[001 9] The intermediate frequency circuit 2 generates 
an 8-bit baseband signal from the first intermediate fre- -^o 
quency signal obtained in the tuner 1 . The intermediate 
frequency circuit 2 has adjacent-band attenuation 
means 21 = a first variable-gain intermediate frequency 
amplifier 22, a second mixer 23, a second local oscillator 
24, a second intermediate frequency amplifier 25, an an- -^5 
alog-to-digital (A/D) converter 26. and a clock oscillator 
27. The adjacent-band attenuation means 21 possess- 
es characteristics in which the frequency bands of the 
adjacent channels are attenuated by 60 dB or greater 
as illustrated in Fig. 2, assuming that the channel of the ^0 
first intermediate frequency signal, which is a digital tel- 
evision signal to be received, is located adjacent to 
channels of analog television signals. By virtue of the 
above-mentioned characteristics, even if the level of a 
digital television signal at the tuner input terminal la is 55 
lower than the levels of the adjacent analog television 
signals by 35 dB, the level of the digital television signal 
at the input terminal of the second mixer 23 becomes 



higher than the adjacent analog television signals by 25 

dB. 

[0020] The first intermediate frequency signal output 
from the adjacent-band attenuation means 21 is ampli- 
fied in the first intermediate frequency amplifier 22 and 
is then input into the second mixer 23. In the second 
mixer 23. the first intermediate frequency signal is mixed 
with a local oscillation signal output from the second lo- 
cal oscillator 24 and is converted into a second interme- 
diate frequency signal of approximately 4 MHz. To sta- 
bilize the frequency, the second local oscillator 24 is pro- 
vided with a crystal oscillator portion 24a. The second 
intermediate frequency signal is amplified in the second 
intermediate frequency amplifier 25 to a predetermined 
level and is input into the A/D converter 26. In the A/D 
converter 26, the second intermediate frequency signal 
is sampled by a clock signal having approximately 18 
MHz output from the clock oscillator 27. thereby gener- 
ating an 8-bit baseband signal. The baseband signal is 
demodulated and decoded in a baseband processing 
circuit (not shown) to extract a video signal and an audio 
signal. Because of the QPSK demodulation in the base- 
band processing circuit not only a clock signal of 18 
MHz, but also a clock signal of 36 MHz are output from 
the clock oscillator 27. 

[0021] The configuration of the adjacent-band atten- 
uation means 21 is discussed in detail with reference to 
Fig. 3. The adjacent-band attenuation means 21 is 
formed of a first surface acoustic wave (SAW) fillef:.21a. 
a first compensation amplifier 21 b a variable attenuator 
21c, a second compensation amplifier 21 d, and a sec- 
ond SAW filter 21 e. and these elements are sequentially 
connected. The attenuation means 21 from the output 
terminal of the first SAW filter 21 a to the output terminal 
of the second SAW filter 2le is formed of a balanced 
circuit. 

[0022] The first SAW filter 21a and the second SAW 
filter 21 e have substantially similar characteristics, and 
the respective filters 21 a and 21 e attenuate the frequen- 
cy bands of the adjacent channels by substantially 30 
dB or greater. The first compensation amplifier 21b and 
the second compensation amplifier 21 d compensate for 
insertion losses incurred in the transmission bands of 
the first SAW filter 21a and the second SAW filter 21 e, 
respectively. In this manner, the first SAW filter 21a is 
disposed at a stage before the first compensation am- 
plifier 21b, thereby reducing the generation of distortion 
in the first compensation amplifier 21b. The second 
compensation amplifier 21 d is disposed at a stage be- 
fore the second SAW filter 21 e. thereby suppressing the 
noise frequency (NF) caused by the second SAW filter 
21e. 

[0023] Direct-current (DC) blocking capacitors 28, 28 
connect the first SAW filter 21 a and the first compensa- 
tion amplifier 21b, the second compensation amplifier 
21 d and the second SAW filter 21 e, and the second 
SAW filter 21 e and the second intermediate frequency 
amplifier 22. The variable attenuator 21c is provided 
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with a PIN diode 29, which is connected in such a nnan- 
ner that it shunts two balanced lines. A fixed voltage (for 
exannpte, a power supply voltage of 5V) is applied to the 
cathode via a bias resistor 30, while a control voltage 
output from a gain control voltage generating circuit (not s 
shown) is supplied to the anode via a resistor 31. The 
PIN diode 29 and the second compensation amplifier 
21 d are connected via DC blocking capacitors 32. 32. 
The PIN diode 29 and the first compensation amplifier 
21b are connected via impedance nnatching resistors io 
33. 33 and DC blocking capacitors 34. 34, which are re- 
spectively connected in series to each other. 
[0024] Upon supplying a control voltage to the anode 
of the PIN diode 29. the adjacent-band attenuation 
means 21 is able to perform control in cooperation with '5 
the high frequency amplifier 4 of the tuner 1 and the first 
intermediate frequency amplifier 22 so that the level of 
an input digital television signal can be maintained at a 
dynamic range of approximately 76 dB. 
[0025] If the bands of the adjacent channels are ade- 20 
quately attenuated by approximately 50 dB or greater 
only by the first SAW filter 21a. the second compensa- 
tion amplifier 21 d and the second SAW filter 21 e may 
be omitted. The first compensation amplifier 21 b and the 
variable attenuator 21 c may be substituted with a sec- 25 
ond variable-gain amplifier 21 f, and the first SAW filter 
21 a and the second variable-gain amplifier 21 f may form 
the adjacent-band attenuation means 21. as illustrated 
in Fig. 4. 

[0026] As is seen from the foregoing description, the 30 
digital television signal receiving tuner system of the 
present invention offers the following advantages. 
[0027] The adjacent-band attenuation means is inter- 
posed between the first mixer and the second mixor to 
attenuate signals of the channels adjacent to the fre- 3S 
quency band of a first intermediate signal by 60 dB or 
greater relative to the first intermediate frequency sig- 
nal. Thus, in the second mixer, the interference of ana- 
log television signals of the adjacent channels is re- 
duced. Since the adjacent-band attenuation means is -fO 
disposed at a stage after the first mixer, known elements 
for receiving analog television signals can be used for 
the first mixer and the preceding elements, thereby sim- 
plifying the design of the digital television signal receiv- 
ing tuner system. -^5 
[0028] Signals of the adjacent channels are attenuat- 
ed by using the first and second SAW filters, and inser- 
tion losses caused by the first and second SAW filters 
are compensated with the first and second compensa- 
tion amplifiers, respectively, thereby ensuring the inten- so 
sity of the first intermediate frequency signal. The first 
compensation amplifier is disposed at a stage after the 
first SAW filter thereby reducing distortion generated in 
the first compensation amplifier caused by analog tele- 
vision signals in the adjacent channels. 55 
[0029] The first variable-gain amplifier is located at a 
stage before the first mixer and the variable attenuator 
is placed at a stage after the first compensation ampli- 




fier, thereby increasing the dynamic range of receiving 

signals. 

[0030] In place of the first compensation amplifier and 
the variable attenuator a second variable-gain amplifier 
may be used, thereby simplifying the circuit. 



Claims 

1. A digital television signal receiving tuner system 

comprising: 

a first mixer for converting a television signal to 
a first intermediate frequency signal: 
adjacent-band attenuation means for attenuat- 
ing a signal of a channel located adjacent to a 
frequency band of the first intermediate fre- 
quency signal by 60 dB or greater relative to 
the first intermediate frequency signal, said ad- 
jacent-band attenuation means being disposed 
at a stage after said first mixer: and 
a second mixer for converting the first interme- 
diate frequency signal into a second intermedi- 
ate frequency signal having a frequency lower 
than the frequency of the first intermediate fre- 
quency signal, said second mixer being dis- 
posed at a stage after said adjacent-band at- 
tenuation means. 

2. A digital television signal receiving tuner system ac- 
cording to claim 1. wherein said adjacent-band at- 
tenuation means comprises a surface acoustic 
wave filter for attenuating the signal of the adjacent 
channel, and a compensation amplifier disposed at 
a stage after said surface acoustic wave filter and 
compensates for insertion losses caused by said 
surface acoustic wave filter 

3. A digital television signal receiving tuner system ac- 
cording to claim 2. further comprising a first varia- 
ble-gain amplifier disposed at a stage before said 
first mixer, and a variable attenuator disposed at a 
stage after said compensation amplifier. 

4. A digital television signal receiving tuner system ac- 
cording to claim 1, further comprising a first varia- 
ble-gain amplifier disposed at a stage before said 
first mixer, wherein said adjacent-band attenuation 
means comprises a surface acoustic wave filter for 
attenuating the signal of the adjacent channel, and 
further comprising a second variable-gain amplifier 
disposed at a stage after said surface acoustic 
wave filter. 
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FIG. 2 
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(54) Digital television signal receiving tuner system 



(57) A digital television signal receiving tuner sys- 
tem is formed of a tuner (1 ) and an intermediate frequen- 
cy circuit (2). The tuner has a first mixer (6) that converts 
a television signal into a first intermediate frequency sig- 
nal which is a television intermediate frequency signal. 
The intermediate frequency circuit has a second mixer 
(23) that converts the first intermediate frequency signal 
into a second intermediate frequency signal. The inter- 
mediate frequency circuit is provided with an adjacent- 



band attenuation device (21) at a stage before the sec- 
ond mixer The adjacent-band attenuation device atten- 
uates the band levels of channels located adjacent to 
the first intermediate frequency signal by 60 dB or great- 
er relative to the band level of the first intermediate fre- 
quency signal. Asa consequence, upon receiving digital 
television signals, interference from analog television 
signals is eliminated, and the generation of distortion is 
suppressed even in a wide gain control range. 
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